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Brain Cancer
Y e

e Glioblastoma multiforme (GBM)

o  Most common brain cancer

o grade IV - astrocytoma

o poor survival (median survival 14 months)
e Lower grade glioma (LGG)

o grade ll/lll - diffuse.

o mix histology: astrocytoma; oligodendroglioma; oligoastrocytoma
o better survival.
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Histological grading inversely

correlates with outcome
Y e

Grade |l oligodendroglioma

Grade |l astrocytoma

Anaplastic oligodendroglioma (grade lll)
Anaplastic astrocytoma (grade lll)
Glioblastoma (grade 1V)

Diagnostic concordance of histological grading between multiple observers: 50-75%
F. Barthel, MD. Anderson
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Table 1. Characterization Platforms and Data Availability . Id entlfl ed novel
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IDH1 & IDHZ2 mutations In glioma

9% of GBM: Proneural G-CIMPs:

DNA Methylation Clustering, K6 818 probes, 396 sAmples

e Younger e

e Better Survival [ER=EED T
e |IDH1mutants

70-95% of LGGs

Yan et al. NEJM 2009, Noushmehr et al.
Cancer cell 2010, Brennan et al. Cell
2013, TCGA Research Network, NEJM,
2015 (in press)




Epigenomic Landscape across 10,000+ TCGA Tumors

Mean DNA methylation
Genome Wide

Tumor Types

Legend

- 450k

Camila Souza & Cassio Henrique, USP



Epigenomic Landscape across 10,000+ TCGA Tumors

Mean DNA methylation
Genome Wide

1 Testicular

{ Cancer

1 Sperm or

' Seminomas are
‘1 mostly

{ unmethylated

Tumor Types Camila Souza & Cassio Henrique, USP



IDH mutations correlate with favorable outcome in GBM
and Astrocytoma (e.g. LGGs)

€]=1)Y Anaplastic Astrocytoma

Prebabiliy of Survival (6)
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Yan et al. NEJM 2009, Noushmehr et al. Cancer cell 2010, Brennan
et al. Cell 2013, TCGA Research Network, NEJM, 2015 (in press)




Data type
1) IDHmut-codel; Exome sequencing
e 2) IDHmut-non-codel; Whole genome sequencing
e 3) IDHwt (GBM-like) T
DNA copy number
o  IDH wild-type LGGs, regardless of histology, JRiglat\a}
had genomic aberrations and clinical DNA methylation

behavior similar to primary glioblastoma.

o Nearly all IDH-mutant LGGs without 1p/19q
co-deletion had mutations in TP53 (95%) Protein levels
and ATRX was frequently inactivated (84%).

o  LGGs that were IDH-mutant and1p/19q co-
deleted had the most favorable clinical
outcomes and were associated with
mutations in CIC, FUBP1, NOTCH1 and the
TERT promoter.

microRNA expression

Platform # samples

[llumina
[llumina

Affymetrix SNP6

Low pass whole genome
RNA-Seq

Infinium 450
miRNA-Seq

RPPA




Table 1. Characterization Platforms and Data Availability Data type ‘ Platform # Samples

Cases Cases Exome sequencing lllumina 290
Data Type Platforms in 2008 in 2013

DNA sequence of llumina on native DNA 0 291 Whole genome sequencing lllumina 23

— ———— — DNA copy number Affymetrix SNP6 271

Sumina on whole genome 163 DNA copy number Low pass whole genome 43
amplified DNA
DNA sequence of llumina on native DNA 42 MRNA RNA-Seq 269

IS QT DNA methylation Infinium 450 268
DNA copy number/ Affymetrix SNP6

genotype microRNA expression miRNA-Seq 295

Agilent 224K/415K

mRNA expression Affymetrix U133A
profiling

Protein levels RPPA 241

Affymetrix Exon
mRNA sequencing Hiumina on native cDNA
CpG DNA methylation lllumina GoldenGate
Hlumina 27K
Hlumina 450K
miRNA expression Agilent
profiling
Protein expression Reverse phase protein
profiling arrays
Clinical characteristics Tier 1/Tier 2




Pan-Glioma (LGG+GBM)

e AWG - formed 1.5 year ago;

Analysis is currently in the writing stage (submission soon).

e Characterize the molecular differences
between LGG and GBM

e Understand the LGG-GBM-like (IDHwt)
and the G-CIMP-LGG-like (IDHmut)




Clinical & Molecular characteristics of 1,122

Gliomas

Feature
Clinical
Histology (n)
Astrocytoma

Unknown
Grade (n)

G2

G3

G4

Unknown
Age

Median (LQ-UQ)

Unknown (n)
Survival

Median (Cl)

Unknown (n)
KPS

<70

70-80

90

100

Unknown

All (n=1122)

169 (15.06%)
90 (52.58%)
14 (10.16%)
74 (15.51%)
5 (6.68%)

16 (19.25%)
41 (21.48%)
90 (52.58%)
75 (6.68%)

51 (39-63)
5

20.7 (19.3-23.2

6

119 (10.61%)
315 (28.07%)
123 (10.96%)
140 (12.48%)
425 (37.88%)

]
prr— ¢ (BMs (600) vs
LGGs (516)".
e Addition of 290
LGG since NEJM
2015
e /DH status known
for 87% of the

samples.

Floris Barthel, LGG-GBM AWG

| No  [913(81.37%) |

319 (28.43%)

___Unknown 1190 (16.93%)

*updated recently



Molecular profiling of the largest
lioma dataset to date
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Genomic Landscape
- |

% GISTIC found 57 disjoint amplification and
105 deletion regions (N=1084)

% MutSig found 100 genes; 30 of which were
previously reported (Brennan et al. Cell
2013; LGG Marker paper, NEJM 2015).

% Usual Suspects: IDH1, TP53, ATRX,
EGFR, PTEN, PIK3CA, PIK3R1, NF1




Novel glioma driving oncogenes
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F. Barthel, MD. Anderson

This distinction is based on evidence in literature and patterns of mutation.




Genomic Landscape of Gliomas by Pathways
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Genomic Landscape of Gliomas by Pathways
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ATRX mutant tumor samples show longer telomeres in
tumor than TERT mutant tumor samples

. TERT 54+16 3.8+3.0
g ATRX ~ 56+15 9.4+4.9
g -/- 58120 6.9+4.9
g 10

g %% .

5 , —
T F v *** P <0.0001
** P <0.001

KKK

TERT (n=128) ATRX (n=70) —/— (n=18)

F. Barthel, MD. Anderson



RNA sequencing Cluster

reveals 4 distinct clusters
[

Michele Ceccarelli, UofSannio
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RNA sequencing Cluster

reveals 4 distinct clusters /

by IDHmMuts

e LGr4 dominated
by IDHwt

Michele Ceccarelli, UofSannio

e LGr1-3 dominated /

RNA sequencing
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DNA methylation reveals 2 macro
groups with 3 clusters per group
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Tumor Map (exp+dna methylation)

Expression DNA methylation
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DNA methylation profiles across
IDH status

Mean DNA methylation by clusters
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Kaplan-Meier Survival Curves separated by IDH
Status Overall Survival

Kaplan-Meier Survival Curves
TCGA LGG SAMPLES (DNA Methylation Clusters)

IDHmut
Il“n '-" e YLATION Clusters

LGm1 (n=32)
= LGM2 (n=224)
= LGm3 (n=48)

LGm4 (n=132)

LGm5 (n=194)
— LGm6 (n=69)

PERCENT PROBABILITY OF SURVIVAL




1 i
B Starburst plot

LGm1l non-codels vs. LGm2 non-codels
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subgroups
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Distinct Epigenome and Survival

LGml'Hypo LGm1 Hyper LGm2 Hyper
(n = 25) (n = 36) (n=210)

Tathiane Malta, USP




Distinct Epigenome and Survival

Mean DNA methylation Kaplan-Meier Survival Curves

‘..
p-value = 0.01

LGml'Hypo LGm1Hyper LGm2 Hyper
(n = 25) (n = 36) (n=210)

Legend

e LGm1-hypo (n=22)
LGm1l-hyper (n=32)

e== LGmM2-hyper (n=185)

e Others (n=622)

1 1 v 1 1 1

10 20 30 40 50 60

Percent probability of survival

Thais Sabedot & Tathiane Malta, USP Time since diagnosis (months)



Distinct Epigenome and Survival

Kaplan-Meier Survival Curves

p-value = 0.01
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Genomic Signatures Defines Subtype
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Non-TCGA Data - Validation
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TCGA LGG+GBM AWG Turcan et al. 2012 - Infinium 450K probe
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Prognostic epigeneticall
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We identified several novel genes that likely
contribute to gliomagenesis

We showed that mutations in TERT and ATRX
have an impact on telomere length

We identified molecularly tumor subtypes that
defy traditional histology

We identified epigenetically regulated genes
that can predict patient outcome
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